Fresh Rhizoma Gastrodiae (Tianma) was processed in a microwave oven at 2450 MHz in order to study the effect on the main chemical component changes taking place during microwave treatment. It was found that microwave affected the chemical composition of Tianma. Seven compounds, including gastrodin, gastrodigenin (p-hydroxybenzylalcohol), phydroxybenzaldehyde, vanillyl alcohol, vanillin, adenine, and 5-hydroxymethylfurfural, were identified in this study. As major active compounds, the contents of gastrodin and gastrodigenin in MWT Tianma were both twice as much as those in raw Tianma. Besides, the MS data show that there are still some unidentified compositions in Tianma, and there are also many converted compounds in MWT Tianma, which is worthy of further work. The results have indicated that microwave treated fresh Tianma might be helpful in designing the processing of traditional Chinese medicine and the application of microwave technology in traditional Chinese medicine needs to be researched further in the future.
Introduction
Tianma, a dry tuber of Gastrodia elata Blume [1] (Orchidaceae, recorded by Shen Nong's Materia Medica, A.D. 102-200, collected in Chinese Pharmacopoeia [2] ), is one of the earliest and most important traditional herbal drugs used for thousands of years in the history of traditional Chinese medicine (TCM). In recent years, it has been widely accepted as a health supplement in many countries owing to its remarkable and reliable medical benefits. According to the theory of TCM, Tianma is sweet in taste and peaceful in property and enters the liver and liver meridians. Phytochemical investigation has found that the components of Tianma include gastrodin (p-hydroxymethylphenyl--Dglucopyranoside), gastrodigenin (p-hydroxybenzylalcohol), vanillyl alcohol, parishin, gastrodioside, vanillin, and glycoproteins. Among them, gastrodin and gastrodigenin are considered the major active components [3] . Due to those physiological substances, Tianma and its extract products are used as an anticonvulsant, an analgesic, and a sedative against general paralysis, epilepsy, vertigo, and tetanus [4] .
Microwave is a nonionizing electromagnetic energy at frequencies ranging from 300 MHz to 300 GHz with a wavelength of 1 m-1 mm that causes molecular motion by migration of ions and rotation of dipoles [5] . Due to the electric field, dipole rotation refers to the alignment of molecules that have either permanent or induced dipole moments. Thermal disorder, as the field intensity decreases, is restored which results in thermal energy being released. The absorption of microwave energy and its release as heat strongly depend on the relative permittivity and the dipolar moment of the medium. The greater the relative permittivity is, the more thermal energy is released and the more rapid the heating for a given frequency is. As a consequence, this form of nonionizing electromagnetic energy is transmitted as waves, which can penetrate in biomaterials and interact with polar molecules into materials, such as water to generate heat [6] . In addition to thermal effect, nonthermal effect of microwave (also called not purely thermal and specific microwave effects) cannot be ignored [7] . Recently, there are many studies with regard to the nonthermal effect of microwave [8] [9] [10] . The issue of nonthermal effects, however, is still a controversial matter. Due to these properties, microwave, as a rapidly developing technology, has been applied in many fields including organic synthesis [11] [12] [13] , chemical and food drying [14] [15] [16] , and extraction [17] [18] [19] [20] .
There are many studies [14] [15] [16] [17] [18] [19] [20] [21] concerning microwave on plants, herbs, or their products, most of which focused on microwave assisted extraction and microwave drying or heating. The application of microwave is performed at frequencies 915 MHz at industrial scale and 2450 MHz in domestic ovens [22] . And at the frequency 2450 MHz, the alignment of the molecules followed by return to disorder occurs 4.9 × 10 9 times per second, resulting in rapid heating. Thus, fast heating is the main advantage of microwaves. Obtained from these studies concerning rice, Kaasova et al. reported that the physical and chemical properties such as the viscosity, elasticity, hydrophobicity, damage starch, total starch, and water absorption capacity were not significantly changed during microwave heating as revealed by the graphic characteristics [23] . Recently, Tochampa et al. [24] have found that microwave heating has no adverse effects on chemical, microbiological, and sensory properties of sweet fermented glutinous rice. Thus, it can be seen that these studies mentioned above suggest that microwave has good effects on these matters.
Traditional Chinese medicine including Tianma contains complicated components, which would bring compositional, pharmacological, and functional changes under the effect of external force. Thus, it is worth taking advantage of effects of microwave to study herbal medicines. In the present study, the effect of microwave treatment on fresh Tianma, which was evaluated by changes of several main components, was reported. The aim of this work is to make a preliminary study of microwave treatment on fresh Tianma. This information might be essential for the further study of microwave on Tianma and other herbal medicines. Fresh Tianma was purchased from the local markets. This Tianma was identified according to the Chinese Pharmacopoeia [2] by Professor Ronghua Zhao (Yunnan University of Traditional Chinese Medicine).
Experimental

Apparatus and Chromatographic
Conditions. An electric juicer (Joyoung Limited by Share Ltd, Jinan, China) was used to mash up fresh Tianma into a smooth paste. A microwave oven (Guangdong Midea Holding Co., Ltd, Foshan, China) with frequency of 2450 MHz and inner volume of 20 L was used for microwave processing of fresh Tianma paste. Electronic balance (Ohaus Corporation, Shanghai, China) was used for weighing accurately. Ultrasonic cleaner (Shanghai Kudos Ultrasonic instrument Co., Ltd, Shanghai, China) was applied in the process of solvent extraction.
Chromatographic separation was performed on a Waters Acquity UPLC (Waters, Milford, MA) coupled to Micromass Q-TOF Micro MS (Waters, Milford, MA). An Agilent TC-C18(2) Column (4.6 mm × 250 mm, 5 m) was used for separation. The elution was carried out at flow rate of 1 mL/min using acetonitrile (mobile phase A): 0.1% formic acid (mobile phase B) mobile phase with detection at 270 nm. The mobile phases were filtered through a 0.22 m membrane filter and degassed. The injection volume was 10 L and analysis was performed at 25 ∘ C. The solvent gradient elution program was as follows: 0-20 min, 3% A; 20-50 min, linear gradient from 3 to 20% A; 50-90 min, linear gradient from 20 to 100% A; and 90-95 min, 100% A isocratic.
The mass spectrometer was used with the regular ESI interface and calibrated prior to experiments. The mass spectra were recorded with full scan mode in both negative mode and positive mode, and parameters of the two modes are the same. Electrospray ionization interface parameter was as follows: spray voltage: 4.0 kV; cone voltage: 30 V; drying gas (N 2 ) flow rate: 400 L/h; capillary heater temperature: 350 ∘ C; and ion source temperature: 110 ∘ C. Data were collected in continuum mode between 100 and 1000 m/z, and the ion current (TIC): [M-H] − was extracted.
Microwave Treatment (MWT) and Preparation of Sample Solution.
A certain amount of fresh Tianma with good condition was chosen to be mashed up into a smooth paste by an electric juicer. Several servings of 20.0 g of fresh Tianma paste were weighed accurately. Six servings of fresh Tianma paste were differentially treated by microwave for 30 min at power of 700 W. And leave six samples with no microwave processing. After the microwave processing, let cool to room temperature. 50 mL of 70% methanol was measured accurately and transferred to all the samples including samples with no microwave processing. Total weight of each sample including the weights of fresh Tianma paste, beaker flask, and methanol was weighed accurately and recorded. After the microwave processing, let the microwave treated fresh Tianma cool to room temperature. The supernatants were filtered through 0.45 m membrane filters and degassed, which were considered as the sample solutions.
Result and Discussion
Chemical Components of Tianma before and after MWT.
Tianma contains a variety of constituents that have previously been characterized. Most published accounts report results of structure identification work on constituents found in either methanolic or aqueous methanolic extracts of rhizome that has been steamed and dried (including products from commercial sources) or directly extracted from the fresh Tianma, followed by chromatographic separation. Recent studies have confirmed the presence of the phenolic glucoside gastrodin and its aglycone gastrodigenin (p-hydroxybenzylalcohol) as primary constituents. Many structurally related constituents that are present in smaller amounts continue to be identified; see Zhao et al. [25] . Biological and biochemical activities of several constituents of Tianma are reported in a variety of assays. Gastrodin is the phenolic glucoside of phydroxybenzylalcohol. Closely related constituents, including p-hydroxybenzaldehyde, vanillyl alcohol, and vanillin, have been reported. Recent pharmaceutical researches show that gastrodin and gastrodigenin are the main active chemical constituents of Tianma. Therefore, these components in Tianma would be the focus of this research. In reversed phase ultraperformance liquid chromatography-electrospray ionization mass spectrometry, both positive and negative ionization modes under optimized operation conditions were full scanned to detect the significant molecular ion peaks of chromatographic peaks with different ionization mode and then determine their molecular weight.
From Figures 1 and 2 , compositions of Tianma before and after MWT have been significantly changed under the effect of microwave. There are large differences in chromatograms from 9 to 25 min and from 40 to 45 min between raw Tianma extract and MWT Tianma extract.
The representative phenolics of Tianma, including p-hydroxybenzylalcohol, p-hydroxybenzaldehyde, vanillyl alcohol, and vanillin, were identified by UPLC-MS with ESI source in negative mode (Figure 3) . Consistent with reference [26] 
these phenolics exhibited their quasimolecular ions of [M-H]
− for molecule mass information. By extracting the positive ion current, attentive study of the mass spectra of compounds, and comparison with reference data and some standards, gastrodin was identified by UPLC-MS with ESI source in negative mode.
Besides, there are several chemical components whose contents showed a great difference before and after MWT and five chromatogram peaks of which with good response were chosen for analysis. 10 chromatographic peaks were selected and numbered according to their retention time (Figure 2) .
From the total ion chromatogram of methanol extract of Tianma, the mass spectrum under both positive and negative ionization modes has good responses. The four phenolics of Tianma were identified in both raw Tianma extract and MWT Tianma extract, Ep-hydroxybenzylalcohol (MW 124), Fvanillyl alcohol (MW 154), G p-hydroxybenzaldehyde (MW 122), and 1vanillin (MW 152). At the same time, Cgastrodin, an active component in Tianma, and Aadenine [27] and D5-hydroxymethylfurfural [28] were also identified with an ESI source in positive mode. MS data for chemical components in Tianma before and after MWT are shown in Table 1 , and the representative MS spectra are shown in Figure 4 . However, compounds B, H, and 0 have not been identified and there were no corresponding reference data in previous research. Through the analysis to their mass spectrum ( Figure 5 ), the possible molecular weights and structures of the three compounds were given in Figure 6 . From mass spectrum, compound 0, must contain a benzene circle and a nitrogen atom, and its molecular weight may be 107 from the possible quasimolecular ion [M+H] + (108), and the molecular formula may be C 7 H 9 N. From mass spectrum and compositions transformation in this study, compound H contains the structure of compound B from the shared ion peak (213), and molecular weight of B and H might be 212 and 384. Further research is needed to identify the exact chemical structure of these uncertain compounds using NMR spectroscopy, IR spectroscopy, and other higherend research tools after isolation and purification from raw Tianma and MWT Tianma. Table 1 , after the effect of microwave, contents of components B, C, D, E, F, and G significantly increased and contents of components H and 0 significantly decreased. As an important evaluating index to reflecting the quality of Tianma, the contents of Cgastrodin and Egastrodigenin (p-hydroxybenzylalcohol) in MWT Tianma, especially, were both twice as much as those in raw Tianma. Thus, microwave might be thought of as a powerful new technology to process fresh Tianma into corresponding products with much more effective components. What is more, components B and D probably are MWT converted products. The possible chemical reaction pathways are elucidated in Figure 7 .
The Possible Chemical Reactions under MWT. From
In Figure 7 , compounds A, B, C, and D represent four classes of compounds containing similar structure with p-hydroxylbenzylalcohol, p-hydroxybenzaldehyde, vanillyl alcohol, and vanillin, respectively. For instance, compound A containing two or more p-hydroxylbenzylalcohol moieties has been reported [29] [30] [31] , and through the effect of microwave, compound A can be converted into phydroxylbenzylalcohol. Gastrodin is synthesized by the dehydration of p-hydroxylbenzylalcohol and glucose, and it is possible that gastrodin also may be converted from some compounds, such as parishins A, B, C, D, and E [29, 30, 32] , containing a similar structure to gastrodin. 5-Hydroxymethylfurfural is a degradation product of sugars and is conversion mainly from glucose and fructose [33] .
Conclusions
In this study, the effect of microwave treatment on fresh Tianma, which was evaluated by changes of several main components, was reported. As an important evaluating index to reflecting the quality of Tianma, the contents of gastrodin and gastrodigenin (p-hydroxybenzylalcohol) in MWT Tianma, especially, were both twice as much as those in raw Tianma, which shows that microwave treated fresh Tianma might be helpful in designing the processing of traditional Chinese medicine. The mechanism of microware processing, however, has not been understood yet. The effect of microwave should be a combination of thermal effect, nonthermal effect, natural catalyst existing in Tianma, and some other factors. Therefore, the application of microwave technology in traditional Chinese medicine needs to be researched further in the future. 
